Amylin 858-552-2212 May 17.2006 02:15PM PST >USPTO 

Fhysiology A Bcharior, VoL 44, pp. ^45-^9. Cbpyrigbt «> pQisamon Pkrss pic, 1988. Pnnlcd ia the U.S JV. 



0031-9384/88 $3.€0 -f- .00 



Pg34of38 



Effects of Cholecystokmin-Octa^ ^ 
(CCK-8) on Food Intake and g^^s;^^^^ O 
Gastric Emptying in Man ^ 




NORMA MUURAHAINEN, HARRY R. KISSILEFF,' 
ANDREW J. DEROGATIS AND F. XAVIER PI-SUNYER 

Departments of Medicine, Psychiatry, and Radiology, Columbia University 
College of Physicians and Surgeons, and Obesity Research Center 
St. Luke's/Roosevelt Hospital Center, New York, NY 10025 
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ckoiecystokmin-octopeptide (CCK-8) on food intake and gastric emptying in man, PHYSIOL BBHAV 44(4/5) 645-649» 
19^. — ^Food intake and gastric emptying, were measured simultaneously af^ choEecystofdoin-octapeptide (CCK-8) &ikd 
saline ioTusioos m order to te^t the bypotbesis that reduction in gastric emptying mediates the effect of CCK-S on food 
intake. Bach of twelve nooobese hcadtby nten received iottaveixOTis infbsxans of CCK*^ and safine on separate 
nonconsecutive di^s after they had consumed 500 g of tomato soup tasged whJi tecbnetiuin-99'DTPA. Intake of a test meal 
was measured 20 inin after consumption of the soup while gastric emptying was simultaneously monitored by ganuna 
emission scintigraphy of the soup. Food mtake and gastric emptying the soup were both significantly reduced by CCK-S 
infusions in comparison to saline. There was a significant correlation between tbe amount of the test meal eaten and the 
amount of soup emptied during the period the test meal was facing eaten, but not before the meal, only on days when CCK-8 
was infused. Diffierences in intakes between days when saline was infused and days when CCK-8 was infused dkl not 
correlate with difCcRoces in gastric emptying of soup. These lestdts suggest that CCK may amplify signals of satiety in 
pn^Mution to the fidbiess of the stomach. Oastiic emptying per se may not mediate the efitects of CCK-8 on food intake. 
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TWO hues of investigation led to this experiment. The first 
was the observation by Antin et a/« (1) that cholecystoktnm- 
octapeptide (CCK-^ was more eCfective in reducing intake 
in rats that had already eaten some food than in rats that 
were just beginning a meal. This led us to study the effects of 
CCK-8 in humans after they liad eaten a preload (7, II). La^ 
ter. we (9) directly tested the hypothesis that the preload was 
critical for the effectiveness of CCK-8 fai reducing food in- 
take in humans. Intake during CCK-8 in&sion was only sup- 
I^essed when a large 500 g (190 kcal) preload of tomato soup 
preceded the test meal but not when a smallex 100 g (38 kcal) 
preload preceded it. The use of the smaller preload ruled out 
the possibility that the preload was effective merely i>ecause 
of its taste or cognitive stimulation. Instead the amount of 
soup preload was critical. This result suggested that fbOness 
of the stomach might be unportant in the effectiveness of tbe 
satiety-induciug ejects of CCK. 

The second line of research leading to this expCEriment 
was tbe observ^ton of Moran and McHu^ (8) that CCK 
was more effective in reducing food intake in monkeys wlien 
the animals were given a gastric preload of saline prior to an 
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intravenous CCK infusion. Moran and McHugh (8) con- 
cluded that "CCK may act to reduce food intake indirectly 
through its capacity to produce gastric distension by retard- 
ing release of ingested food from the stomach.** lliis hy- 
pothesis mil be referred to as the ' 'gastric mediation hypoth- 
ec." 

Although Moran and McHugh (8) established the 
possibility that CCK could affect food intake through slow- 
ing gastric empcyingj their work did not exclude the 
possibility that CCK might have independent effects on in- 
take and on gastric emptying. In the present experiment we 
sought to obtam more direct evidence for the gastric media- 
tion hypothesis by investigating whether a relationship 
existed between gastric emptying and food intake. To meet 
this objective, we measured gastric emptying of a tomato 
soup preload befiorc and during test meals of macaroni and 
beefi when either saline or CCK-8 was infused intrave- 
nously. Our aim was to see whether difEerences in intake 
between saline and CCK-S infusion conditions correlated 
with differences in gastric emptying when intake and empty- 
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tng were measured in the same person, in the period im- 
mediately prior to the meal. 

METHOD 

Subjects 

Twelve nonobese men were selected for this study by 
means of a taste test (J) and a test meal procedure designed 
to ensure that they liked the food and would eat what we 
considered a sufficient amount to constitute a meal (250 g). 
Participants had to meet the following criteria in order to 
enter the study: 1) rate both the test meal and the soup pre- 
load at least 6 on a 9 point acceptability scale (10) on a brief 
exposure taste test, 2) eat at least 2S0 g of the meal during an 
initial luncheon trial, 3} pass a physical examination, indicat- 
ing that they were in good health* and 4) be within 13% of 
desirable weight for height (3). Infonncd consent was ob- 
tained, and the protocol was approved by the Institutional 
Review Board of St. Luke's/Roosevek Hospital. The charac- 
teristics (mcan±SD) of the participants were: age: 20.8 
years ±3.3; height 176u3 cm ±6.1; weight: 70.7 kg ±7.S; per- 
cent desirable (3): Z02,5±8.3; acceptability of preload: 63± 
0*8; acceptability of test meal: 7.2±1.0. 

Overall Design 

After the participants were accepted into the study, they 
were given a 1-day adaptation trial followed by two test 
trials. On the adaptation trial saline was infused during the 
meal, but on the test trials either saline or CCK-8 was in- 
fused in a counterbalanced design so that half the partici- 
pants received saline first while the other half received CCK 
first. All trials were cod ducted on nonconsecutive days with 
a maximum of three per week. On each trial, test meal intake 
and gastric emptying of a soup preload were measured simul- 
taneously. 

Dally Procedure 

Participants came to the laboratory between 8:00 a.m. 
and 10:00 a.m.. having £eisted since midnight^ to eat a stan- 
dardized 3(X) kcal break&st, consisting of a toasted English 
mujOHii, with 1 Va pats of butter, and 250 g apple juice. The 
participant was then free to leave and returned to cat 2Vz hr 
later. As indicated in Fig. I» fu^ a saline infusion (0.9%) was 
Started in a foreaim vein through a 23*gauge butterfly cathe- 
ter and was infused continuously at the rate of 1.0 ml/ndn vU 
a smedl (10^10x4 cm) portable (360 g) infusion pump. The 
partxcq>ant was also positioned in front of a gamma scintiOa- 
tion camera for measurement of gastric emptying. The cam- 
era was fitted with a low energy, diveiging hole collimator and 
was inter&ced to a computer. The participant sat upright 
with his back against the camera and was therefore able to 
eat finom a table in front of him. He was instructed to move as 
little as possible. Ten to 1 5 min were allowed for the paitidpam 
to adapt to these cireumstances before he received the preload. 
He remained seated for the remainder of the trial. 

Twenty minutes before receiving the test meal (at time=0 
in F{g. I), the participant quickly consomed 500 g of hot 
tomato so\3p (Campbell, reconstituted with water according 
to the manufacturer's instnicttons, 0.38 kcal/g, approxi- 
mately 130^. Technetrnm-^tfaylraietriaminepeotaacetic 
acid C99m-T&>DTPA, 250 microcuries). aradiopfaarmaoeutscal, 
was added to the soup to serve as a marker for mcasiuement 
of gastric emptying of the liquid phase. This radiophar-- 
maceutical is useftil for measuring gastric emptyix^ because 
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FIG. 1. Sequence of expeiimenlal pracedtires when participants 
turned for the luncheon meal. See text for explanation. 

it is neither adsoibed tOt nor adsori>ed from, the gastrointesti- 
nal surfaces, and it has better aqueous phase stabHicy than 
other commonly used technetium mariners, e.g, To-99m sul- 
fur colloid (4,13). The 99m-Te-DTPA was freshly prepared 
each day using a conuneicial mlxtuie (Syncor), Radu>active 
counts from the abdomen were recorded by gamma camera 
scintigraphy every 2 min for the first seven participants and 
every 30 sec for the rest. 

Ten minutes after the participant bad begun to consume 
the soup preload, the experimenter turned a switch on the 
infusion pump so that it began infusing from a second reser- 
voir whose contents reached the blood stream 4 minutes 
later. The second reservoir provided either CCK-^ [total 
dose of 2.25 micrograms, Kinevac (Sincalide for injection), 
Squibb] or saline (0.9%) as the treatment infusion; the ex- 
perimenter who served the meal was blind to its contents. 
Thus (as indicated in Fig. 1), the treatment iofiision entered 
the bloodstream 14 nun after the participant had begun to 
consume the soup. Both treatments were infused at 1.0 
mt/min over a 10 min period, beginning 6 min before the test 
meal and ending 4 min into Uie test meal, regardless of when 
the participant stopped eating. 

Six minutes after the onset of the treatment infusion [20 
min after the beginning of the soup (see Fig- I)J» the partici- 
pani was given a test meal of macaroni and beef (Stoufifer, 
UI6 kcal/g, heated to 130*F) to eat. He was instructed to eat 
until he had had enough and was satisfied as he would be 
with an ordinary meal eaten in a relaxed atmosphere. The 
meal was served on an eating monitor (5) which consisted of 
a table containing an electronic balance located under a 
panel on its suifctce. The monitor recorded the amount of 
food consumed every 3 sec. The resulting curve of cumula^ 
tive food intake was fitted to a quadratic equation by least 
squares regiession (SAS, 1982» GLM procedure (6,12)]. 

Data Analysis 

The two main dependent varmbles io this experiment 
were the amount of test meal eaten and the amount of soup 
emptied either during the 6-min "premeal treatment period'* 
(from the time the treatment infiision reached the vein until 
the moment the participant began eating the test meal) or 
during the ^'meaJ period** (finom the time the parttc^sant 
started eating the test meal until its conchision — as indicated 
in Pig. 1). Only the emptying of the soup and not the empty- 
ing of the test meal itself was monitored, since the radionu- 
clide was in the hquid phase of the soup. 
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TIME Smce PRELOAD (irin) 

FIG. 2. Change in percent coants in stomach. GasCiie emptying of 
radiolabeled soup. The saline infosion period be^an when the par- 
ticipant started consumiog the preload and ended 14 min later when 
the test infusion reached the blood stream. The treatment period was 
the interval during which the test substance was infused. It was 
subdivided into the premeal Ireatment period (firom the time the test 
substance entered the vein untn the participant be^n eating the test 
meal) and the meal period C&om the beginning of the meal until the 
participant stopped eating). Note that the infusion stopped at 4 min 
into the meal regardless of when the participant stopped eating. Data 
are expressed as percent of the initial peak counts obtained when the 
participant completed consumption of the soup. 

In order to measure g^tric emptying, the experimenter 
displayed the gamnia emission intensity on a computer ter- 
mmaJ and traced a region of interest, corresponding to the 
stomach. A computer count was then performed and the 
number of counts in the region of interest at each 2 min or 30 
sec time point was expressed as a percent of the maximum 
number of counts. The percentage emptied during the pre- 
meal treatment period and the meal period was calculated by 
taking the difference between the percentages remaining at 
the begjnnmg and at the end of each pexiod. 

Comparisons of variables between experimental condt- 
tjons were made by means of paired, two tailed f-tesls. Cor- 
relations between variables and between differences in vari- 
ables between the experimental conditions were evaluated 
by means of Pearson product-moment correlations. Tlie 
differences in variables were calculated by subtracting the 
variable's (e.g. , intake or percent emptied) value on the CCK 
test day from its value on the saline test day for each subjecL 
The SAS (12) statistical package was used to perform all 
computations. 

itESULTS 

Food Intake and Related VartabUs 

Intake of the test meal was significantly less [240 g ±81 
SED, paired r(il)=2^.p«0.0l31 on days when CCK-8 was 
infused (362 g) than on days when saline was infused (602 g). 
Meal durations, however, were not signiflcantly different be- 
tween conditions (0.92 min ±0,60 SED, p>0.05), although 
they were somewhat less on CCK-8 days (4.93 min) than on 
saline days (5.85 min). The loiear coe£5cieiit of the cumular 
tive intake curve (Q, which is equivalent to £he initial rate of 
eating, was substantially, but not quite sigmGcandy less 
(49.7 gAmn ±25.2 SED, /=!.98, p=0.07) after CCK in- 
fusions (81.5 g/min) tban after saline (131.2 g/niin). There 
was no significant difference Onean differencc=0.26 g/min' 
±3.75 SED g^min*. /=0.07, p«0.94) in the quadratic coeffi- 
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FIG. 3. Premeal treatment period — saUnc and CCK-8 day for each 
sul^ect. Relation of test meal intake to gastric emptying expressed 
as the percent of initiai peak counts emptied daring the premeal 
treatment period (i.e., difference in percent remaining at the begin- 
ning and end of the premeal treatment period). The filled symbols 
show days on wiuch CCK-8 was infused, and the uniSIIed show days 
on which saline was infused. Lines connect data from the same 
participant. fiTad there been a significant corrdatinn of tb» differ- 
ences in test meal intake, between OGK-8 and saline xnfaston condi- 
tions, with differences in amount of soup emptied before the test 
meal between CCK-8 and saline infusion conditions, the slopes 
would all have been parallel. There was no signzGcant correlation of 
intake with emptying before the meal on either day nor was there a 
significant conrtlation of the di£Efereaces in mtake between saline and 
CCK-8 infbsiott conditioas with the diEEerences in soup entitled be- 
fore the meal between the two treatment conditions. 



cient» which is half the rate of deceleration of eadng, be- 
tween saGne (-4.61 gteun^ and CCK-8 (-4.34 g/inxa^» indi- 
cating that the rate of deceteration of eating was not affected 
by the CCK»8 treatment. 

Gastric Emptying 

Gastric emptying was slower after CCK-8 than after 
saline infusions (see Fig. 2). However, at the conclusion of 
the 14-niin saline infusion period foHowtng soup consump- 
tion, on days when participants later received CCK-S (as a 
treatment infbsion), the mean percentage of soup remaining 
in the stomach at 14 minutes was 75*2%. On days when they 
continued to receive saline as the treatment infiision. the 
mean percentage of soup rexnainhng in the stomach at 14 min 
was 13, Wo, Since the percentages emptied during Uie initial 
daily 14 min of saline (control period) were not significantly 
different l>etween CCK and saline days, our measurement of 
emptying was relatively reproducible under control condi- 
tions. Assuming that all im'tial 500 ml of soup had entered 
the stomach, and that there was no significant absorption 
finom, or secretion into, the stomach during this period, these 
percentages would correspond to remaining soup volumes of 
376 ml and 369 ml, respectively. 

During the 6-iiiin premeal treatment period (Fig. 2), on 
days when saline was the treatment infbsion, the perceat 
remaining contihued to drop by 14% (oorrespondoag to a 70 
ml decrease), reaching 61% by tbe time of meal onset How- 
ever, on days when CCK-8 was infused, emptying almost 
completely stopped duriog the pmneal treatment period 
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FIG. 4» Meal period — CCK-8 days. Relationship between Intake of 
the test meal and gastric emptying of the soup during the meal period 
on days when CCK-S was infused. Emptying is expressed as the 
dififeience in percent remaining in the stomach at the beginning of 
the meal and end of the meal Q.t. , when participant stopped eating). 



(Fig. 2), and only 5% of the initial 500 ml (or 25 ml) was 
emptied during this time. Although somewhat less soup was 
emptied by meal onset on days when CCK was infused, the 
dajOfeience in percent of soup emptied during the premeal 
treatment period between the two conditions (S% ±2,1% 
SED, or 45 ml — e.g. , 70-25 ml) was not significant at the five 
percent level (paired /=2.05, p=0.064). 

During the meal period, howevert the amount of soup 
emptied was significantly different between conditions. 
When CCK-8 was infused, the amount remaining dropped to 
62.5% of the initial amount by tHe end of the meal, while 
during saline infusions it dropped to 46% by the end of the 
meal (sec Fig. 2). These amounts coiresponded to 310 ml and 
230 ml, re^ectively, of soup remaining in the stomach. The 
diSeience between them (26% ±5% SED or 80 mQ was sig- 
nificant (paired / =3. 13,^=^0.0096}. 



Relationship Between Gastric Emptyins and Test Meed 
Intake 

There was no correlation between the amount of test meal 
eaten and percentage of soup emptied duriog the premeal 
treatment period for the days on which the participants re- 
ceived saline nor for the days on which they received 
CCK-8. There was also no correlation of the differences in 
intake between CClC-8 and saUne infusion conditions with 
the differences in emptying between CCK-8 and saline infu- 
sion conditk>ns during the premeal treatment period (r'».03, 
/?=bJ9, ^e Fig. 3). 

A similar absence of correlation was also seen between 
intake and emptying during the meal (as contracted with the 
pr^eal treatment) period* on salme days. However (aa 
shown in Fig. 4) tliere was a higlily significant correlation 
(i^».77.p =0.0002) between intate and soup emptying dur- 
ing the meal on the days when CCK-8 was infused. The 
difterences in intake between salme and CCK-8 infusion 
conditions did not correlate with the differences in gastric 
emptying between the saline and CCK-8 infiislon conditions 
during the meal period (i^s*^, ps0.09). 
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DISCUSSION 

CCK-8 infusions, ^ben compared with saline infusions, 
resulted in signiHcant reductions in test meal intake and gas- 
trie emptying. However, we did not observe the predicted 
correlation of differences in gastric emptying with differ- 
ences in intake between the CCK-8 and saline infusion con- 
ditions either before or during the meal. Instead the only 
significant correlation occurred between the amotmt eaten 
and the amount emptied during the meal, but not before the 
meal, on days when CCK-8 was inl^ed. One possible ex- 
planation of the failure to see the expected correlation of 
dilBferettces in intake with dififerences in emp^iqg daring the 
premeal treatment period is that the length of the premeal 
treatment period was too short and the range of retardation 
of gastric emptying was too small for a correlation to emeige. 
However, since the short interval did result .in reduction of 
intake in the present experiment, and since even shorter 
premeal treatment periods have previously resulted in con- 
sistent CCK-induced reductions in food intake (7, 9, II), this 
explanation Seems unlikely. It may be that gastric emptying 
per se plays no role in the control of intake. 

On the other hand, the one coticlation that we did see 
during the meal period is consistent with the recent observa- 
tions of Barber and Burks (2). They showed that more electri- 
cal activity ftom the vagus nerve of a cat was recorded when 
CCK was infused and the stomach was distended than when 
it was not distended. Our results are consistent with their 
finding that CCK amplifies the signals of gastric distension to 
the brain. These signals may inhibit food intake. 

The corr^tion between intake and emptying observed 
during the meal on days when CCK-8 was infused couJd be 
attributable to the common factor of meal duration, since 
meal duration is related to both the amount of emptying and 
the amount of intake. However, this possibility is lessened 
by the feet that the same argument would apply to the saline 
days during which no correlation was seen. Yet, it remains 
possible that the correlation occurred because the reduced 
food intake during CCK days widened the range of mtake 
and dmation of the period over which emptying was meas- 
ured. If this explanation were correct, it woukf mean that the 
reduction in food intake bad retarded gastric emptying, and 
not tiiat a delay in gastric emptying had decreased intake. 

The results on food intake reduction confirm our previous 
studies (7, 9, 11) which showed that food intake in humans 
was reduced by infusion of CCK-8. 2t is of interest that in the 
present study, as well as in one previous study (9), a different 
test meal was given, macaroni and beef, instead of yogurt- 
fruit drink given in the first two studies from our laboratory 
(7,U). Thus the phenomenon is robust across meal variation. 

In conclusion, ftirther investigation is required in order to 
determine whether the lack of coirclation of the differences 
in intake with differences in emptying during the premeal 
treatment period was the result of too short a measurement 
period for emptjring, or whether the robust correlation be- 
tween intake and emptying, per se, during the meal jTcriod on 
days when CCK-8 was infused, represents a different mech- 
anism of action for CCK-8 on gastric emptying than the gas- 
tric mediation hypothesis proposed by Moran and McHugh C8>. 
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